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Abstract

The objective of this study was to describe general approaches of diagnostic test
accuracy that are available for quantitative synthesis of data using R software.

We conducted a diagnostic test accuracy that summarized statistics for univariate
analysis and bivariate analysis. The package commands of R software were metaprop
and metabin for sensitivity, specificity, and diagnostic odds ratio, forest for forest plot,
reitsma of mada for summarized ROC curve, and metareg for meta-regression analysis.
The estimated overall effect sizes, test for heterogeneity and moderator effect, and a
summarized ROC curve were reported using R software. Especially authors stressed
how to calculate effect sizes of target studies in diagnostic test accuracy. This study
focused on the practical methods of diagnostic test accuracy rather than theoretical
concepts for Korean researchers who were non-majored in statistics. Through this
study, authors hope that many Korean researchers will use R software to perform a

diagnostic test accuracy more easily and that related research will be activated.

Keywords: Meta-analysis, Diagnostic test accuracy, Receiver-operating characteristic

curve, Likelihood ratios, Nomograms, mada, reitsma.
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TICHAA HEFEM 2 TIQFM(true positive, TP), 2| M (false positive, FP), £|=d(false
negative, FN), XIS M(true negative, TN)Q| 47tX| 7|2 HEZEEO| QAZANQl QoF

FE™KX|(summary statistics)2t 2 5 M(summary line) 22 HOFA E=ICh CHEAQ

o
19

FEEEX=s E=E  DIZE(sensitivity), E0|E(specificity), ZITH =H|(DOR,
diagnostic odds ratio), 12|11 forest plotO] Qe Q<=M SROC(summary

receiver operating characteristic) =410| QIC} (Table 1).

1.2. TICHHA HEIEN 2

ZICHHAL HEFEMO|M Sl QAFHXIE ALSH| fIdiM= LEHE QI HERZ A0t Of
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Moses-Littenberg 22 ZTICHHA HEFZAZ 2o =7

2M Eta3| &M (simple linear regression)2 2 SROCE FX3ICL 0= UHL OfE}

ﬂJl

=A0Mel Pz f(fixed effect) RHPu FARH A=z ARLSOl 0|EY

= S AL L S
g = g 29

o

=
SROC ZMTI2 2% 4 9lo] 40| HeHxo|ct



HE
=0l

o

=

-
>H

o=

>
S

= M-Sttt [89]. Lt HEfZ Mool H

F

1 HSROC(Hierarchical SROC) &
A

4

o

e

Moses-Littenberg 2¥2| LM S 225X AN 2 H(hierarchical model)
10| Bivariate 22

Volume: 41, Article ID: e2019007
https://doi.org/10.4178/epih.e2019007

10

S 1Hrandom effect) &

=13
<]

o

—

N

2

Bivariate

I (bivariate

i

distribution)

(binominal

i

IH
0

ol

7t-d5l= "t HSROC &

=
=

normal distribution)

ojn

of CHsi =X

W
Joll

ol

I

IH
100

o/

Gl

.

~

8l
1

10
KO

=l

=

—

A0| Ct

—

—

I Bict

ol
100

R “"mada” I§7|X| reitsma ZE 2 7|2XMOZ Bivariate &

s

AlAS
=52

=A10 A

El

| -
A -

{EJ O| C}.

o

e
[=}

o
O|z=0{0F XtmO| BE7t SA2 7180

of AN X

Ct&:
[==

TN/(TN+FP)Z A H|Z2|

—

Ot0]

Al
(e}

OlE

=

=

04t 1ALO|2

L

TP/(TP+FN)O|H

—

O|A2 XtEo| 22X E &A 2 7Pd(assumption)0f 7| 2|oh & R0|C}

1.3. 3t37| At
o|2{st Hl&d Xt2E AXE HEJELD}

UH=
Hed A=z



Volume: 41, Article ID: e2019007

https://doi.org/10.4178/epih.e2019007

Mol Atzol JEj7t &0 0|F 2R HS0|2t otr

o

—_

=2 TTHEA 238X A0 2R LIE df4S floiM OlF M32| +

A= 2AAIZICE RE 0[8¢t 250 "meta” Tji7|X|2] metaprop g&E AHESHH
M 2adeeh BIZEer SE0|=8 Aot = 2HAAM SfMT Ho22 2137

Ml E HeHE -G0St OEEA REMH(Fixed or Random)2 2 E%t
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"mada")
"mvtnorm")
‘ellipse”)
'mvmeta")

-install.packages
-install.packages
-install.packages
-install.packages

A~ A~ A~ o~
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-install.packages("meta")
-install.packages("metafor")
-install.packaqges("rmeta”)
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(microalbuminuria) 2012 |t HAAFEH & UAC(urine sample measuring the albumin
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r
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HYEHO EolE oM mES ofefel FHA=Z RO HEZ[M =H2CL UK
Folgd H2 ROM= EEZ P2 FXI(esv)e| HEE 25t Table 25
‘dta_shim.csv” ZBIo2 MM A&l HYEEH| O FO{OFSHCt

-dta_shim <- read.csv("dta_shim.csv", header=TRUE)

read.csv= csvilUE 2= SF2A LA “dta_shimcsv'E =S0{QFAl It 9

AW HaFS A2 2C0hs KOIC (header=TRUE). O|E A 2 &l o2 R O
H2[0| M= dta_shim O|F2| HIO|HZ MZECL 0| =HQloi224H View 2=0f

X|get HOIHE EO{FELY.
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“mada” I}7|X|0|A= LAFHKX|Q - DIZ L (sensitivity), 0|k (specificity), 2|11
ZItt@ =H|(diagnostic odds ratio) - Z¢F ZtA7|E HMA|SHK| %D YUOH Chad|
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1) GHHEF 2 M (Univariate analysis)

0l ZE & (sensitivity), £0| E(specificity), 12|10 FIEHQR =H|(diagnostic odds ratio)& Tt
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HiEtZ4S 2ASH7| RISl meta T7|X|E ZEAIZICL

library(meta)

(1) BIZ= (Sensitivity)

"meta” I{7|X|& BIQI0| 02 HES ZYSH=H 1F metaprop S HIEH
K= O M Atd=s=(event)nt HEE(n)0| AS U TSR UAT|E A LHSHCE

-sensitivity_logit <- metaprop(dta_shim$TP, dta_shim$TP + dta_shim$FN, comb.fixed=FALSE,
comb.random= TRUE, sm="PLOGIT", method.ci="CP", studlab=dta_shim$id,
byvar=dta_shim$g)

-print(sensitivity_logit, digits=3)
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Ch. J2fLt B2 ddd7t SAZHSO0| dxtel 28-S FEA Eo=st7

AtmeigtE HAISIEHELE metaprop b AHES2 2 BHRASHM SiMY + U= T
LRI T|E BAISH.
Ot28 M2|F7tE Adsts SE¥E o2{7iX[7t A=H ojd UHF SESHX|EA

defaultZ FO{X|= Clopper-Pearson BfH= ALESIAL (method.ci="CP").

Random effect model& AI25IY 2 comb.fixed=FALSE, comb.random= TRUEE ZF+
JbSHA QIEfSiC USte @HS FALSE £ TRUEO] [fah MEf Jhssict.
Studlab=study= 7§ AFE2| O|F2 LIEILHDH subgroup™ ZtE LiEfLi2{™
byvar=g& @ =5t=0 g= subgroupsS LIEtL= B O|Ct metaprop &5 At
M L2 ZItESE sensitivity_logitdf] X|™HEH ZAdt= ChSaF Z L (Figure 3).

sensitivity_logitOf| A L2 ZItSS Figure 32 SFLA Atm E X}
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Qe HA 9 HFol =T BwIAZ|E LIEFHCE Random effect modelQ|
proportion2 0.841 (95%CI; 0.788, 0.882)= L}EFLH QUL

< subgroup0j siEtsts ZADFE LIEFLH Z40|Ck Random EE O A= subgroup(0
vs 1)0f| 2} DIZH=o| XtO|7f k7t HOJZICt Random effect model 7|FEC 2 A
TREFIIES 0816, 12 F7t0|AME= 08552A FF I7tY HEIs|HEMS A
AlSiM Ol Z#7dSt0foF irt.
Q= TH ATl O|EY(heterogeneity)S LEtH Zi0|Ch. O|HHQ| HigginsT=
Cochrane Q statisticsO| A X7 E(degree of freedom)E i Zd& CtA| Cochrane Q
statisticsQ 2 Lt+=0 & 422 O[Zds Yihd UA FESHAIZILE 0%0 A 40%=
O|RMO| ZQ8HX| %2 £ oM (might not be important), 30%0| A 60%= =7t
O| & d(moderate heterogeneity), 50%0|A 90%= SCigt O|Zd(substantial
heterogeneity), 12|11 75%0f Al 100%= +lZt5t 0| % d(considerable heterogeneity)

= LtEtHHCE Cochrane Q statistics®| p-values 22 £ YA 012 {24 Hth 7|

|.

TO= oL} [3].
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oI E 2M0 M2l HigginsT>= 32.5%0|0 Cochrane Q statistics p-value = 0.158
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3 Q| Figure 3 StEHO| s Zut7 O AMttHoz T=EU=X] #H5|2 UCH
Inverse variance method= M EFEAO| 7| 2% 0l HHOZ M 7 AL S| 7t5X|
£ A4t o S Hol HdEME =EBHCE DerSimonian-Lair  estimatore
Random effect modelOjjA{ A2t HEFS A A [ taugts AAHSHRACHE ZO|CH
Logit transformation(2&! Xtz IS AA|SIAS)1t Clopper-Pearson HHH S AL

StALE.
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H Forest plot(z 1 8l)

forest(sensitivity_logit, digits=3, rightcols=c("effect", "ci"), xlab = "Sensitivity")

forest et==0f s{iY HEE OIELEA 2 H(sensitivity logit) S HotCt A3 CHS
Chrst MES WoiF0f Algo| BO[8}H THSO{ECE digits=32 A%H AXI2]
THR|2E HEA|, rightcols=c("effect”,ci"))= forest plot LEMHO|= &= weight?l &
AlE=H OlF d&f5tn gutar|er Az|fitts BoFat= SO|Ct

OlQio|E MZS P} Wad BEE F/AsE S Yotz MyT + o

o= T M

oin

L 20 gMe WE2 XE meta I{7|X|E ASHE7

=
rm
o

Forest plot2 | T =MtA7|F SLT YRS HIUCL CEof HEATE
2F7|E defjEez HAZEN AT Lf Haut A7 2t HES A o
= YL E Sj=LCt

O|E S0 I L H2F0| 2 742 Gansevoort, Ng, Wiegmann 12|11 AhnQl ZHE

2 = o gy b MO0 2 A2 Wiegmannit Incerti®l A= & 4= ULk

(2) 0| (Specificity)

-specificity_logit <- metaprop(dta_shim$TN, dta_shim$TN + dta_shim$FP, comb.fixed=FALSE,
comb.random= TRUE, sm="PLOGIT", method.ci="CP", studlab=dta_shim$id,
byvar=dta_shim$qg)

-print(specificity_logit, digits=3)

E0|= ZMUAM AMHHds+= TNO| #EZE TN + FPO|CL metaprop 2h4=0f

AZAZ=(dta_shim$TN)Q} H-E<=(dta_shim$TN+dta_shim$FP)S XIHCHZ ¢t

—

ot

FIZE s8=S fIXIAZICL oot 22 UHdE 24 SLotL.

—

11



Volume: 41, Article ID: e2019007

https://doi.org/10.4178/epih.e2019007

specificity_logitOf | L2 ZAItS2 SHLA AHEX}

MH| 97 AFol B &3 7|E LIEIHCE Random effect model2| proportion2
0.861 (95%CI; 0.794, 0.909)2 L}EFLH AL}

Random Z 0| A= subgroup(0 vs 1)0 [z} £0|=2| X}0|7t HL| EO|X| @=L}
2 EOo|lk 2M0|AMQl HigginsT’= 78.3%0|H Cochrane Q statistics p-value <0.0001
2XM o|Zd0| EXfetit= A & =+ AUCL

A = AX

H Forest plot(z 112!)

forest(specificity_logit, digits=3, rightcols=c("effect", "ci"), xlab = "Specificity")

(3) TIGt@ =H| (diagnostic odds ratio)

‘meta” Oj7|X[= otRl0] O3 eSS ZYS=H IF metabin e Oy
M2OM ARRSO0| ZF A W FEgsMAYIE AlLketth UEELl EO|ES
Nez 7 s HEE A2 sHYSHR|2 2x2 HEfe| Tt =H|(DOR)2 O|&
o At=O|Ct

‘DOR_model <- metabin(TRTP+FPFN,FN+TN, sm="OR",comb.fixed=FALSE,comb.random=
TRUE, method ="Inverse", id, byvar=g, data=dta_shim)
-print(DOR_model)

7|X SMEES St 2O0EE Ofs7t Z AO|X|T2 WE O|HE fIsiM 7ta
o #Hag2 = OMoA HESHK| EE=S StCf.

Ol 2 Xt=ZO|M& TP TP+FP FN, FN+TNS ZrZf Xt L2 '@ O =L}
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A 7|E OR EA|ISID |8 AFE9 7tE5XK|s= UHFMEOl inverse variance

methodZ AFESICH (method="Inverse”).

K]

245t Random effect model| MHE 2|8HA comb.fixed= FALSE,

f

7 Hye
comb.random=TRUEE F 75| QI =SHCt

id= 7ig 9732 O|F= UEIHDH data=dtashim2 R HZz2[0f =d&
dta_shimO|2}= O|O|HE X|M8|F= ZAO|Ct subgroupd ZHutE LIEfLHHT

byvar=g& Q&s}=0 g= subgroup= LtEtL = H=FHO|Ct. metabin 3t

ook
mjn

T= AME

oAl L2 ZifS2 DOR_modeldi| X|78 &Ll

H Forest plot(z 112!)

forest(DOR_model, digits=3, rightcols=c("effect", "ci"), xlab = "Diagnostic Odds Ratio")

DOR_model® A L2 Z1tSS Figure 40{|A] SHLEY 2IH EXAY.

MA 978 HFol =t 37| E LtEHHLCE Random effect model2| ORE2 37.935
(95%CI; 18.186, 79.132) p-value <0.0001Z2A| ST FICHAHAAE SoffA EHHYHO| Q=
AR & dAMEDE Sd Y @=H|Of Blsi 2HO| A= AR & AAHEI FEE
QxH|7} O 38H{ 7| LEFGIC

Random EE 0| A= subgroup(0 vs 1)0f 2 X}O|7} Ho| Qe Ao =2 HOZIC
MH A9l O|EM(heterogeneity)2 HigginsT?= 72.7%0|0 Cochrane Q statistics

p-value = 0.00032A| O|Z&MO| EXfstCtes AS & £ UL

2) O|HEZF 2 M (Bivariate analysis)
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ojgigd 245 ¢lgt "mada” W7[X|= CIE TITHAAL HIEFZ4

| H
L_l
o
ro
<
D
¥

DiSc = STATA OjA{Q} 20| DIZtEQ E0|E 1|1 ZICHQRH|Z XIF HAls

A @ELh X0 forest plot =Xte T 2ut37|= @l thed| JHE FFE2

I

t=7| 3t

fot
N
o

2011 9o FeE A

i
HT

0]F2{™ source codeE AOLAM 0|

A Lol 5=0{ of

St "mada’@ “meta’s forest 25 ZO0| AFESHELO O[ZAO0] ZMMA 2O
otel = U7| WZOlLH.

-detach(package:meta)

(1) FEFHAF BIEHEA R9FRM (SROC Z4)

O 242 98 TH7|X| ZYAIZICE

—

library(mada)

‘mada’ Tj7|X|2 O|2s)A BlZtE, SO|%, FEtexH|o| ChAZ 2M 1S ®a

Atob® chEa 2o] ¥

=

rot

hC}.

forest(madad(dta_shim), type="sens", xlab
forest(madad(dta_shim), type="spec", xlab
forest(madauni(dta_shim))

dta_shim$id)
dta_shim$id)

"Sensitivity", snames
"Specificity", snames

§OM BT EMOA FotRE A SYLSH ffFFX e FY=NAYE
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HMAISEX| gSoF F=HSHA| =t

rir

"mada” T{7|X| SOIM O|HZF DO Mot reitsma gt+=E AHEHCL

—_

fit <- reitsma(dta_shim, correction.control = "single")
-summary(fit)

reitsma gt=0f dta_shim H|O|E{E €1, HO|H2| Ao '0'Y Fd AL=

olr
0%
Rl
i

QM MA AFo| BE MY 055 Y7L} (correction.control = "all") EE= SEH A
TtR)e] M=ot B3  (correction.control = "single® £ QQUCH FMO|A

‘correction = 0.5 H& Qo] £X2 XA £ Q11, 0.57} defaultO|LC}. reitsma T4

i
o

AHES RE2 fite2 X FECh

rH
k>

A =71 2H0| AUCZIO| 0.9062 EA|SID Qo of=22] HSROC ZE o 8

ol

ot= @Ex BEA|IEL FASH7| HiEICH

r

A™o=z SROC 5MZ dA{EX} (Figure 5). OdefZ=E FHHOY =ALCHE O ZAO|

o
0

O O22[&o M XMZ 22 SROC F40[ Hop ALz HMMA ZSOTICE

-plot(fit, sroclwd = 2, xlim = ¢(0,1), ylim = ¢(0,1), main = "SROC curve (bivariate model) for
Diagnostic Test Accuracy")

plot Jgjf=ZE 12| &2=0|Ct MAE T fit2 91 sroclwd=2= srocZAMQ
FHE LIEHLHD, xlimt ylimS ZESHM xyHe| thE ZECE A= & 00f
M Z|Ci 17HX1E #A|SH 0|t

-points(fpr(dta_shim), sens(dta_shim), pch = 2)

points= 8 AFE FOELE fpr(Qdt sensO)= 22 sifE G|O|E{LHL| 7HE Ao
false positive rate®@} sensitivityS HA|Sl= Z40|0{ pch=22 MZ ZY¥S LIE(HCE

H2(0), s32t0](1), MZ2), HA7HR), 7t9lE@), OHF206), Far4d6), EHEQ)
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H2HQO) S CHYSD Z2LH20)0| JHE AlM20| FotwILt (Figure 5)

‘legend("bottomleft”, c("SROC", "95% (I region"), lwd = c(2,1))

SROC ZAo| zts}Cto ZAo| MBe 98t ZAo|C

) Ol2d dE&

QOpFFR|9H SROC LOFTHS MA[SHR FEHAAL DIEHEA] FaREe Jo)H
HOIC} O|Fo| IHe Atk BIEHEAT DREIZIXI2 @70l O|RAS HQlstn ot

oF SOt QK7L QUCHH O|E A™SHD E0SI0{0F SHC.
SROC M9 7|2 742 2E AF0|AM ROC =Mo| HEfT7L SLSICH= ZO|Ck
JZEX|gH AFAE 24e| O|EMOo| EMTCHH ol 7|2 718 & FFSHA| XLt
olz{ot O|&dol fI2I2 2% (chance), cut-off value Xt0|, LA Xto|, FHEE, A

Te2tg, 22| 2=l 2FAtestY K0lo| O|=27|7tX| Of2 CHYSIEt [3].

LEHEA HEFEM M= Ol O|2de ofE ZEe =+ Us Che Y-

mjo

MAlsta ALt 3]
AWM, SROC =d9| H|LHE-FO|Ct

=M, SROC H4U 71E A+39l E0E J=OICh AS2l B0l ACHH o

MR, Forest plot(RIZ =, E0|%, ZICtQ=H|)OA A 7+ BF0| 4 Lf HESEC}

2 32 o/WHE AyE & UCt
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-dta_shim$sn <- dta_shim$TP/(dta_shim$TP+dta_shim$FN)
-dta_shim$sp <- dta_shim$TN/(dta_shim$FP+dta_shim$TN)
-dta_shim$logitsn <- log(dta_shim$sn/(1-dta_shim$sn))
-dta_shim$logitsp <- log(dta_shim$sp/(1-dta_shim$sp))
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library(meta)
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